L ate in cell division, duplicated chromosomes are pulled apart by a structure called the mitotic spindle. This process, called mitosis, is beautiful to watch, but fraught with danger: errors can produce daughter cells that have unequal genomes, setting the stage for cell death or cancer. The cell goes to great lengths to avoid these mistakes, and uppermost among its safety mechanisms is the spindle assembly checkpoint 1 (SAC) -a regulatory system that prevents the cell from attempting to separate chromosomes if they are not properly attached to the spindle. The key protein components of the SAC were first reported in the summer of 1991 (refs 2,3) . Precisely 25 years on, two papers (Alfieri et al. 4 on page 431 and Yamaguchi et al. 5 in Molecular Cell) describe in near-atomic detail how the SAC prevents chromosome separation. The central protagonist in this story is the anaphase-promoting complex/cyclosome (APC/C) 6 . This enzyme attaches the protein ubiquitin to specific substrate proteins, tagging them for destruction and thereby unleashing chromosome separation and the completion of mitosis. A key APC/C target, for instance, is the protein securin, which inhibits a protease enzyme that cuts the proteins holding duplicated chromosomes together. Substrate binding to the APC/C depends on a protein called Cdc20 (Fig. 1a) , which binds the APC/C during mitosis and recruits substrates through interactions with short linear amino-acid sequences in the targets called degrons.
How does the SAC block chromosome separation? Chromosomes that are not correctly attached to the spindle produce a mitotic checkpoint complex (MCC), which contains three SAC components (Mad2, BubR1 and Bub3) and Cdc20. The MCC binds and inhibits Cdc20-bound APC/C (APC/C A structure of this size and complexity, backed up by 25 years of genetic, biochemical and structural analysis, contains an overwhelming amount of information for the aficionado, but its chief value lies in the precise description of the mechanisms by which the MCC inhibits APC/C Cdc20 . Both studies show that the MCC interacts with the front face of the APC/C, next to the pre-bound Cdc20 subunit (Fig. 1b) . The BubR1 subunit acts as a pseudo substrate inhibitor -it contains two copies of each of the three major degron sequences, and wraps around the two Cdc20 subunits to occupy all degron-binding sites on both, thereby blocking substrate binding to the APC/C. It is hard to find a more striking illustration of the power of short linear motifs such as degrons in cell regulation. In addition, the MCC prevents binding between the APC/C and the E2 coenzyme, which normally provides ubiquitin for transfer to target proteins.
The new structures also offer a potential explanation for previous evidence that some proteins are ubiquitinated by APC/C Cdc20 even when the complex is bound to the MCC. For example, the APC/C substrate proteins cyclin A and Nek2A are degraded early in mitosis, when the SAC is active 6 . Similarly, the Cdc20 subunit of the MCC is tagged with ubiquitin by the APC/C, promoting MCC turn over 1 . How does APC/C MCC modify these proteins in spite of the mechanisms suppressing its activity?
In addition to the 'closed' conformation described above, the two studies reveal a less-common 'open' state in which the MCC is shifted to allow binding of E2. This transient state enables ubiquitination of Cdc20 
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Mitotic regulation comes into focus
Structural studies provide insight into the mechanisms governing a checkpoint in cell division that prevents chromosomes from segregating before they are properly aligned on a structure called the mitotic spindle. See Article p.431
Figure 1 | Deciphering inhibition of cell division. a, The enzyme anaphase-promoting complex/cyclosome (APC/C), depends on an activator subunit called Cdc20 for activity and substrate binding. Cdc20 contains binding sites for three short amino-acid sequences called degrons. APC/C targets (not shown) that contain these degrons bind these sites and are tagged with the protein ubiquitin (Ub), which is transferred from an E2 coenzyme bound nearby. b, Alfieri et al. 4 and Yamaguchi et al. 5 report that the mitotic checkpoint complex, which comprises the proteins BubR1, Bub3, Mad2 and another Cdc20, interacts with Cdc20-bound APC/C to form a closed inhibitory state in which E2 binding is blocked (Bub3 is not shown, because its position could not be defined in the groups' structures). Disordered regions in the BubR1 subunit contain degrons that occupy all six degron-binding sites on the two Cdc20 molecules, preventing substrate binding.
ASTRONOMY
Earth-like planet around Sun's neighbour
An Earth-mass planet has been discovered in orbit around Proxima Centauri, the closest star to our Sun. The planet orbits at a distance from the star such that liquid water and potentially life could exist on its surface. See Letter p.437
A R T I E P. H AT Z E S
E xoplanet discoveries trigger our imaginations. What does the newly discovered planet look like and what are its characteristics? Could it harbour life and, if so, how many such habitable worlds are there in our Galaxy? Astronomers aim to find Earth-like planets in the temperate zone of a star -the distance from the star at which the planet's surface temperature could theoretically support liquid water. On page 437, Anglada-Escudé et al. 1 report the exciting discovery of an Earth-mass planet in the temperate zone of Proxima Centauri, the closest star to our Sun.
Proxima Centauri is a low-mass star (it has 12% of the Sun's mass 1 ) that belongs to the family of stars known as M dwarfs. Astronomers are focusing their efforts on finding small, potentially habitable planets around M dwarfs because such planets can be discovered with the instruments available today. An Earth-like planet orbiting in the temperate zone can be detected through a 'Doppler wobble' -the effect caused by the planet's gravitational tug on the motion of its host star. This method was used to discover the first exoplanet around a Sun-like star 2 in 1995.
Applying the Doppler method to an M dwarf has two benefits. First, such stars are cooler than the Sun, which means that their temperate-zone planets would orbit much closer to the star (about one-tenth of the Sun-Earth distance 3 ). Second, these stars are less massive than the Sun. Both of these factors result in a Doppler wobble for M dwarfs that is large enough (about 1 metre per second) to be detected by modern instruments The authors' careful analysis of the data eliminated other possible causes for the Doppler wobble, such as stellar activity. The signal is particularly convincing because it is seen in two independent data sets that span more than a decade. In addition to the fact that the planet is orbiting Proxima Centauri, there are two further exciting aspects of AngladaEscudé and colleagues' discovery: the orbital period of 11.2 days places the planet within by APC/C MCC , and might also explain the ubiquitination of cyclin A and Nek2A, which bind APC/C Cdc20 not only at sites blocked by BubR1, but also at other sites (ref. 6) . With the open structure in hand, we are in a good position to unravel these mechanisms. It will also be important to explore the dynamics of the shift between conformational states, and how other regulatory proteins influence these dynamics.
These APC/C MCC structures come close on the heels of a structural study 8 by Zhang et al. that addressed another major question in APC/C regulation. It is known 9 that the mitotic protein-kinase enzyme Cdk1-cyclin B phosphorylates the APC/C to promote its activation by Cdc20. APC/C Cdc20 then triggers cyclin B degradation to inactivate Cdk1. This negative feedback is thought to be the basis for the oscillator that drives the rise and fall of Cdk1 activity during the cell cycle 9 , but much about this scheme has been unclear. How does phosphorylation activate APC/C Cdc20 ? How is APC/C activation delayed to allow Cdk1 activity to rise in early mitosis -even in cell types in which the SAC is not present?
Zhang and colleagues' analysis, together with recent biochemical studies 10, 11 , yields valuable clues. Phosphorylation of a loop region in the Apc3 subunit of the APC/C provides docking sites for a phosphate-binding sub unit of Cdk1-cyclin B. Docking of Cdk1-cyclin B enhances its activity towards suboptimal phosphorylation sites in a loop on a different APC/C subunit, Apc1. This disordered loop contains a short 'autoinhibitory' segment that occupies a Cdc20-binding site on the APC/C, but phosphorylation displaces the segment, allowing Cdc20 to bind and activate the APC/C. The slow, multistep nature of this process provides a plausible mechanism for introducing a delay between Cdk1 activation and APC/C Cdc20 activation, as is required for negative feedback to produce a robust oscillator 9, 12 . We have not heard the last word on APC/C phosphoregulation. The APC/C contains many phosphorylation sites in addition to those described above 8, 10, 11 , leaving open the possibility of other regulatory mechanisms, or connections between phosphorylation and the SAC.
Another issue also remains unresolved. After mitosis, Cdc20 is degraded and the APC/C interacts with the Cdc20-related protein Cdh1. Cdh1 interacts with the site occupied by the autoinhibitory segment of Apc1, and yet phosphorylation of this segment is not required for Cdh1 binding. How does Cdh1 bind this region? Cdh1 might be a better competitor than Cdc20 for binding at this site 8 , or there might be other mechanisms at play.
Finally, the Apc1 loop and autoinhibitory segment are poorly evolutionarily conserved outside vertebrates, raising questions about APC/C regulation in other species. Fortunately, addressing these and related problems has just become much easier, now that we have a strong structural foundation on which to base future experiments. We are a major step closer to understanding the 
